(19) 



(12) 



(43) Date of puUication: 

04.03.1998 Bulletin1998/10 



Europasches Patentamt 
European Patent Office 
OHice europ«en des brevets (ii ) E P 0 827 254 A2 

EUROPEAN PATENT APPUCATION 

(51) Int. a.^: H02J 7/35. Q05F 1/67 



(21 ) Application number: 971 1 4381 .3 

(22) Date of fifing: 20.08.1997 



(84) Designated Contracting States: 


• Fukae, Kimitoshi 


AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


Ohta-ku, Tokyo (JP) 


NLPTSE 


• Takehara, Nobuyoshi 




Otita-ku, Tokyo (JP) 


(30) Priority: 30.08.1996 JP 230236/96 




(71) Applicant: 


(74) Representative: 


Peilmann, Hans-Bernd, Dlpl.-lng. et al 


CANON KABUSHIKI KAISHA 


PatentanwaltsbQro 


Tokyo (JP) 


Tiedtke-Buhling-Kinne & Partner 


(72) Inventors: 


Bavariaring 4 


80336 Munchen (DE) 


• Kurokami, Seiji 


Ohta-ku, Tokyo (JP) 





CM 
< 

lO 
CM 

CM 
00 



(54) Power control apparatus for solar power generation system 



(57) In a power control apparatus of a solar power 
generation system for converting power generated by a 
solar panel and supplying the converted power to a 
load, the output voltage and output current of the solar 
panel are sensed and, under ordinary conditions, MPPT 
control is performed so that the solar cells will operate at 
a maximum output point. If the output power of the solar 



panel exceeds a predetermined power, a power conver- 
sion unit is controlled so as to raise the output voltage of 
the solar panel, thereby limiting the output power of the 
solar panel. As a result, excessive power is prevented 
from being output by the power control apparatus. 
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SUMMARY OF THE INVENTION 



Descripti n 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a power control apparatus 
for a solar power generation system. 

Description of Related Art: 

A known solar power generation system comprises 
a solar ceil an^ay which converts sunlight to electrical 
energy and. a power control apparatus which converts 
the power generated by the solar cell array to power in 
a state suited to the load and supplies the power to the 
load. 

Since the power generated by a solar cell array fluc- 
tuates significantly depending upon amount of solar 
radiation and tenrtperature as well as the operating-point 
voltage and current of the solar ceils, the power control 
apparatus performs maximum power point tracking con- 
trol (hereinafter "MPPT control") for adjusting the load of 
the solar cell array to extract the maximum power from 
the solar cell array at alt times. 

Since power Pmax at the maximum power point of 
a solar cell is approximately proportional to the amount 
of solar radiation, however, there is the danger that the 
power control apparatus will output excessive power 
when the solar radiation is intense. Known methods of 
preventing this include a method of providing an upper 
limit for the output value of the power control apparatus 
and limiting the output current of the power control 
apparatus to a predetermined value to thereby protect 
the components constituting the power control appara- 
tus from excessive current, and a method of sensing the 
outiut power of the power control apparatus and con- 
trolling the output power in such a manner that it will not 
exceed a predetermined value. 

However, these methods have an important draw- 
back. Specifically, in a power corrtrol apparatus which 
limits the output current to a fixed value, there are occa- 
sions where the output voltage of the power control 
apparatus fluctuates and exceeds the rated voltage in a 
case where the output voltage is not dependent solely 
upon the power control apparatus, e.g. when a commer- 
cial AC power system has been connected as the load. 
As a consequence, there are instances where the out- 
put power of the power control apparatus surpasses the 
rated power even if the output current is iimrted. 

When the output power of the power control appa- 
ratus becomes too large, more heat is produced within 
the apparatus, making it necessary to thermally protect 
the components constituting the power control appara- 
tus. 



Accordingly, an object of the present invention is to 
prevent excessive power from being output by a power 
5 > control apparatus for a solar power generation system. 

Another object of the present invention is to therr 
mally protect the components constituting the power 
control apparatus by preventing the output of excessive 
power. 

10 According to the present invention, the foregoing 
objects are attained by providing a power control appa- 
ratus for supplying a load with power output by a solar 
cell, comprising converting means for converting output 
power of the solar cell to power conforming to the load; 

75 sensing means for sensing output voltage and output 
current of the solar cell; setting means for setting oper- 
ating voltage of the solar cell based upon the output 
voltage and output current sensed; and control means 
for controlling operation of the converting means in such 

20 a manner that the output voltage of the solar cell 
becomes a set operating voltage; wherein the setting 
means raises the operating voltage by a predetermined 
amount of voltage in a case where the product of the 
output voltage and output current sensed is greater than 

25 a predetermined value. 

According to the present invention, the foregoing 
objects are attained by providing a power control appa- 
ratus for supplying a load with power output by a solar 
cell, comprising: converting means for converting output 

30 power of the solar cell to power conforming to the load; 
sensing means for sensing output voltage and output 
current of the solar cell; designating means for desig- 
nating operating conditions of the solar cell based upon 
the output voltage and output current sensed; and con- 

35 trol means for controlling operation of the converting 
means based upon a designation made by the desig- 
nating means; wherein in a case where the product of 
the output voltage and output current sensed is equal to 
or less than a predetermined value, the designating 

40 means designates the operating voltage of the solar cell 
and the control means controls operation of the convert- 
ing means in such a manner that tiie output voltage of 
the solar cell attains the operating voltage that has been 
designated; and in a case where the product of the out- 

45 put voltage and output current sensed exceeds the pre- 
determined value, the designating means designates 
the operating voltage of the solar cell and instructs the 
control means to suppress power, and the control 
means controls the operation of the converting means 

so In such a manner that the output voltage of the solar cell 
attains a control voltage obtained by adding a predeter- 
mined voltage to tiie operating voltage tiiat has been 
designated. 

According to the present invention, the foregoing 
55 objects are attained by providing a power control appa- 
ratus for supplying a load with power output by a solar 
cell, comprising: converting means for converting output 
power of the solar cell to power conforming to the load; 
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first sensing means for sensing output power of the con- 
verting means; second sensing means for sensing out- 
put voltage and output current of the solar cell; setting 
means for setting operating voltage of the solar cell 
based upon the sensed output voltage and output cur- 5 
rent of the solar cell; and control means for controlling 
the output voltage of the solar cell by controlling opera- 
tion of the converting means t^sed upon the set operat- 
ing voltage and sensed output power of the converting 
means. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo- 
rated In and constitute a part of the specif ication. Illus- 
trate embodiments of the inversion and, together with 
the description, serve to explain the principles of the 
invention. 



DESCRIPTION OF THE PREFERRED EMBODI- so 
MENTS 

Preferred embodiments of a power control appara- 
tus according to the present invention will now be 
desaibed in detail with reference to the drawings. ss 



[First EmbodimenQ 

Fig. 1 illustrates the construction of a solar power 
generation system which uses a power control appara- 
tus according to the present invention. 

As shown in Fig. 1. the system includes a solar 
panel 1 which generates electric power that is con- 
verted by a power conversion unit 2 to power in a state 
suited to a load 3. The power resulting from the conver- 
sion is supplied to the load 3. 

The solar panel 1 may be obtained by combining, in 
a parallel/serial arrangement, a plurality of solar cells 
which employ amorphous silicon, crystalline silicon or a 
compound semiconductor, wherein the cells are arrayed 
so as to obtain the desired output voltage and current. 

The power conversion unit 2 may be a DC/DC con- 
verter or voKage- fed self- exited DC/AC inverter using 
self turn-off type switching devices such as power tran- 
sistors, power MOSFETs, insulated gate bipolar transis- 
tors (IQBTs) or gate turn-off thyristors (GTOs). The 
output (power, voltage, frequency, etc.) of the power 
conversion unit 2 can be controlled by changing the 
on/off duty (referred to also as the "duty ratio" below) of 
the gate pulses supplied to the switching devices of the 
power conversion unit 2. 

Examples of the load 3 are a load such as an elec- 
tric heater or electric motor or a commercial AC power 
system. In a case where the load 3 is the commercial 
AC power system, i. e. in case of a 
grid connection solar power generation system, the 
power of the solar power generation system tied to the 
commercial AC power system is not limited, thus this 
arrangement is a highly desirable one for a case where 
a greater amount of power is to be extracted from the 
solar panell. 

The output voltage and output current of the solar 
panel 1 are sampled by a voltage sensor 4 and current 
sensor 5. The voltage sensor 4 outputs, as digital data, 
a voltage signal which indicates the output voltage of 
the solar panel 1. The voltage signal enters a voltage 
setting unit 6 and a controller 7. The current sensor 5 
outputs, as digital data, a current signal which indicates 
the output cun-ent of the solar panel 1. This signal 
enters the voltage setting unit 6. 

The voltage setting unit 6 decides the value of a 
voltage setting based upon the voltage signal and cur- 
rent signal applied thereto. The voltage setting unit 6 
can be implemented by a microcomputer for control and 
is constituted by a CPU, RAM, ROM, input/output unit, 
etc. 

The controller 7 adjusts the above-mentioned duty 
ratio in such a manner that the output voltage of the 
solar panel 1 takes on the value of the voltage setting 
decided by the voltage setting unit 6. and generates 
PWM pulses based upon this duty ratio. The PWM 
pulses are the gate pulses for driving the gates of the 
switching devices in the power conversion unit 2. A 
feedback control system based upon proportional inte- 



Fig. 1 is a block diagram illustrating the construction 25 
of a solar power generation system which uses a 
power control apparatus according to a first embod- 
iment of the present invention; 
Fig. 2 is a flowchart useful in describing the details 
of a voltage setting method carried out by a voltage 30 
setting unit shown in Fig. 1 ; 
Fig. 3 is a block diagram illustrating the construction 
of a solar power generation system which uses a 
power control apparatus according to a second 
embodiment of the preserrt invention ; 35 
Fig. 4 is a flowchart useful in describing the details 
of a voltage setting method carried out by a voltage 
setting unit shown in Fig. 3; 
Fig. 5 is a graph showing the output characteristic 
of a solar panel under certain solar radiation condi- 40 
tions; 

Fig. 6 is a block diagram illustrating the construction 
of a solar power generation system which uses a 
power control apparatus according to a third 
emt)odiment of the present invention; and 45 
Fig. 7 is a flowchart illustrating tiie procedure of 
power control performed by a controller shown in 
Fig. 6. 
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gration (PI) control can be mentioned as one method of 
adjusting duty ratio. Methods of generating the PWM 
pulses Include the triangular wave comparison method 
and the hysteresis comparator method. 

The controller 7 can be constituted by an analog cir- 
cuit or digital circuit In a case where the controller 7 is 
a digital circuit, the controller is composed of a CPU or 
DSP and can be implemented by a single rracrooom- 
puter for control together with the voltage setting unit 6. 
Thus, the output of the power conversion unit 2 is con- 
trolled to control the output voltage of the solar panel 1 . 

The voltage setting method carried out by the volt- 
age setting unit 6 will now be described in detail with ref- 
erence to the flowchart of Fig. 2. 

Initial settings are made at step SOO. Specifically, 
the initial operating-point voltage is set to VO, step width 
for searching for voltage is set to dV. the direction of the 
voltage search is set to the decreasing direction, and a 
power limit value, which is a limit value on power that 
enters the power convention unit 2 from the solar panel 
1 . is set to PL 

This is followed by step SOI. at which the initial 
operating-point voltage VO is set to an operating voltage 
V to set the operating point off the solar panel 1 when the 
operation of the power control apparatus is started. The 
set operating voltage V is sent to the controller 7 as a 
voltage setting value. 

Next, at step S02. the operating-point voltage and 
cun'ent of the solar panel 1 are sampled and the product 
of the obtained voltage and current is calculated to find 
the output power p6 of the solar panel 1. The value of 
PO is stored in memory. 

The output power PO and power limit value PL are 
compared at step S03. If PO :^ PL holds, this is decided 
to be the normal state and the flow is proceeded to step 
S04. 

The voltage search processing is performed at step 
SO^ based upon the voltage search direction initially 
set. If the set voltage search direction is the increasing 
direction, the operating voltage is set to a voltage V+dV. 
which is obtained by increasing V by the step width dV. 
If the set voltage search direction is the decreasing 
direction, the operating voltage is set to a voltage V-dV. 
which is obtained by deaeasing V by the step width dV. 
The operating voltage V that has been set in depend- 
ence upon voltage search direction is sent to the con- 
troller 7 as the voltage setting value. The flow is 
proceeded to step S07. 

The present operating-point voltage and cunrent of 
the solar panel 1 controled by the controller 7 based 
upon operating voltage V set at step SOS or step S06 
are sampled at step S07, output power PI is obtained 
from the product of the voltage and current in the man- 
ner set forth above, and the output power PI is stored in 
memory 

Next, at step SOS. the output power P1 of the 
present operating point of the solar panel 1 and the out- 
put power PO of the preceding operating point are com- 



pared. If the output power is not increasing (i.e. if PI ^ 
PO holds), then the voltage search direction is reversed 
at step S09. That is. the direction is made the increasing 
direction if the; present voltage search direction is the 

5 decreasing direction, and the direction is made the 
decreasing direction if the present voltage search direc- 
tion is the increasing direction. The flow is proceeded to 
step SI 0. If the output power is found to be increasing at 
step SOS. then the flow is proceeded to step S1 0 directly 

10 without the voltage search direction being changed. 
. The stored value of the output power PO is updated 
to the value of the output power P1 aft step S10. after 
which the flow is returned to step S03. Ordinarily the 
steps SOS to S10 are repeated so that the operating 

75 point of the solar panel 1 is controlled in such a manner 
that the maximum power is extracted from the solar 
panel 1 . In other words, the voltage setting unit 6 sets 
the operating voltage V in such a manner that the max- 
imum power point of the solar panel 1 is tracked. 

20 In a case where solar radiation is very intense, 
there is a possibility that the output power PO will 
exceed the power limit value PL when the output power 
PO and power limit value PL are compared at step SOS. 
In such case the flow of processing is f rorri step SOS to 

25 Step Si 1. 

The voltage search direction is set to the increasing 
direction at step S11 regardless of the set voltage 
search direction. Since the voltage search direction is 
set to the increasing direction at step S1 1. the decision 

30 rendered at step S04 Is such that the flow is proceeded 
from step S04 to step SOS. at which the operating volt- 
age V is raised by the step width dV. Processing from 
steps S07 to S10 is then executed in the manner 
described above. 

35 During the time that the output voltage PO is greater 
than the power limit value PL (PO > PL), steps SOS, S1 1 , 
S04. • • • . S10 are repeated and the operating voltage 
V is raised at increments of the step width dV until the 
output power PO becomes equal to or less than the 

40 power limit value PL (PO < PL), i.e. in such a manner 
that the solar panel 1 will develop an operating-point 
voltage so as to obtain an output power PO that is 
approximately equal to the power limit value PL. As a 
result, as indicated by the output characteristic curve of 

45 the solar panel 1 under certain solar radiation condi- 
tions shown in Fig. S, the voltage setting unit 6 sets the 
operating voltage V so as to track the operating point Pj 
of the solar panel 1 in the vicinity of the power limit value 
PL 

50 If the solar radiation weakens, the power generated 
by the solar panel 1 declines and the output power PO 
falls below the power limit value PL, the voltage setting 
unit 6 sets the operating voltage V again so as to track 
the usual maximum power point. Conversely, if the solar 

55 radiation strengthens and the maximum power Pmax of 
the solar panel 1 surpasses the power limit value PL, 
the voltage setting unit 6 acts so as to suppress the out- 
put power of the solar panel 1 and sets the operating 
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voltage V so as to track the operating point Fj. 

Thus, in accordance with the first embodiment, the 
operating point of the solar panel 1 usually Is controlled 
in such a manner that the maximum power Pmax is 
extracted from the solar panel 1 , whereby more power is s 
supplied to the load 3. In a situation where the output 
power of the solar panel 1 surpasses the power limit 
value PL. the operating-point voltage of the solar panel 
1 Is raised to thereby hold the output power of the solar 
panel 1 at the power limit value PL. In other words, the io 
present invention focuses on the relationship between 
the input power and output power of the power control 
apparatus and controls the output power of the solar 
panel 1. which is equal to the input power of the power 
control apparatus, thereby exercising control in such a 75 
manner that the output power of the power control appa- 
ratus does not become excessively large. 

As a result, it is possible to prevent the output 
power of the power control apparatus from becoming 
excessive through a simple arrangement without adding 20 
on hardware for sensing the output power of the power 
control apparatus. Consequently, the generation of heat 
within the apparatus is suppressed and the components 
that constitute the power control apparatus, particularly 
the power conversion unit 2, can be protected from heat 25 
produced by an excessive load. 

In the embodiment described above, the so-cailed 
hlll-dimbing method of gradually raising or lowering the 
operating-point voltage is used as the method of 
extracting the maximum power Pmax from the solar 30 
panel 1 . However, this does not impose a limitation 
upon the invention for other methods such as the curve 
approximation method disclosed In the specification of 
Japanese Patent Application Laid-Open No. 6-348352 
m^ be used without departing from the gist of the 35 
present invention. 

. [Second Embodiment] 

Fig. 3 illustrates the construction of a solar power 40 
generation system which uses a power control appara- 
tus according to a second errriDodlment of the present 
invention. This embodiment differs from that shown in 
Fig. 1 In that a power suppression signal is sent from the 
voltage setting unit 6 to the controller 7. The two 45 
arrangements are the same in other respects. 

In the absence of the power suppression signal, the 
controller 7 adjusts the duty ratio of the gate pulses 
applied to the switching devices of the power conversion 
unit 2 in such a manner that the output voltage of the so 
solar panel 1 takes on a voltage setting value specified 
by the voltage setting unit 6. This operation is similar to 
that of the first embodiment. When the power suppres- 
sion signal is output from the voltage setting unit 6. the 
duty ratio is adjusted in such a manner that the output ss 
voltage of the solar panel 1 becomes greater than the 
voltage setting value. When the power suppression sig- 
nal vanishes, the duty ratio is adjust :d in such a manner 



that the output voltage of the solar panel 1 will approach 
the voltage setting value. 

The method of setting the voltage in tiie second 
embodiment will be described in detail with reference to 
the flowchart shown in Fig. 4. ft should be noted that 
steps identical with ttiose of the voltage setting method 
of the first embodiment shown in Fig. 2 are designated 
by like step numbers and need not be described again 
in detail. 

The output power PO and power limit value PL are 
compared at step S03, as set forth earlier. There are 
instances where the output power PO surpasses the 
power limit value PL, as when the solar radiation 
becomes very intense. In such case the flow of process- 
ing proceeds from step S03 to step S31 . 

The power suppression signal indicating suppres- 
sion of power is output at step S31. In response, the 
controller 7 corrects the voltage setting value to a higher 
value based upon a preset operating characteristic 
curve of the solar panel 1 so as to lower the duty ratio of 
the gate pulses applied to the switching devices of the 
power conversion unit 2. In other words, the ON time of 
the gate pulses decreases and the OFF time increases. 
As a result, the power that enters the power conversion 
unit 2 declines. 

Next, at step S32. the operating-point voltage and 
the current of the solar panel 1 are sampled, the output 
power PO is obtained from the product of the voltage 
and current, as mentioned earlier, and PO is stored in 
memory. 

The output power PO of the present operating point 
of the solar panel 1 and the power limit value PL are 
compared at step S33. If tiie output power PO is still 
greater than tiie power limit value PL (PO > PL), the flow 
is returned to step S31. During the time that the output 
power PO is greater than the power limit value PL (PO > 
PL), the loop from step S31 to step S33 is repeated so 
as to suppress the power that enters the power conver- 
sion unit 2. 

If the output power PO of tiie present , operating 
point of tiie solar panel 1 is found to be equal to or less 
tiian the power limit value PL (PO ^ PL) at step S33, it is 
decided that no further suppression of voltage is 
required and the flow of processing proceeds to step 
S34. 

A power suppression signal indicating cancellation 
of power suppression is output at step S34. In 
resporse, tiie controller 7 reduces the amount of cor- 
rection of the voltage setting value so as to increase tiie 
duty ratio of the gate pulses applied to the switching 
devices of the power conversion unit 2. In other words, 
tiie ON time of tiie gate pulses increases and the OFF 
time decreases. As a result, the power tiiat enters the 
power conversion unit 2 increases. 

This is followed by step S35, at which the operating- 
point voltage and the current of the solar panel 1 are 
sampled, the output power PO is obtained from tiie 
product of the voltage and current, as mentioned earlier. 
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and PC is stored in memory. Then, at step S36. the sam- 
pled operating-point voltage Vop and operating voltage 
V are compared. If the operating-point voltage Vop is 
greater than the operating voltage V (V < Vop). tiien 
operation of the controller 7 Is decided to still be in the 5 
power suppression state and the flow is returned to step 
S33. 

Thus, in a case where the output power PC is equal 
to or less than the power limit value PL (PC ^ PL) and 
the sampled operating voltage Vop is greater than the 10 
operating voltage V (V < Vop). the steps from S33 to 
S36 are repeated, the anfK>unt of correction of the volt- 
age setting value of the controller 7 is made to approach 
zero and the controller 7 is released from the power 
suppression state. 75 

In a case where the output power PO surpasses the 
power limit value PL during tiie process of releasing the 
controller 7 from the power suppression state by repeat- 
ing the steps S33 to S36, the flow again returns to step 
S3'i and the foregoing operation is performed. 20 

If it is found at step S36 that the sampled operating 
voltage Vop has fallen below the set value V of operat- 
ing voltage (V ^ Vop). then it is decided that suppression 
of power is not required and that the corrtrolier 7 has 
been released from the power suppression state. The ss 
flow is then returned to step 823. 

Thus, in accordance witii the second embodiment, 
the operating point of the solar panel 1 usually is con- 
trolled in such a manner tiiat the maximum power Pmax 
is extracted from the solar pane! 1 . whereby more power 30 
is supplied to tiie load 3. In a situation where the output 
power of the solar panel 1 surpasses the power limit 
value PL, the signal indicative of power suppression is 
sent to the controller 7. Upon receiving this signal, the 
controller 7 revises the voltage setting value V sent from 35 
the voltage setting unit 6 and performs control so as to 
raise the operating-point voltage of the solar panel 1. 
thereby holding the output power of tiie solar panel 1 at 
the power limit value PL 

As a result, it is possible to prevent the output 40 
power of the power control apparatus from becoming 
excessive through a simple arrangement without adding 
on hardware for sensing the output power of tiie power 
contirol apparatus. Consequently, the generation of heat 
within tiie apparatus is suppressed and the components 45 
that constitute the power control apparatus, particularly 
the power conversion unit 2, can be protected from heat 
produced by an excessive toad. 

[Third EmbodimentI so 

Fig. 6 is a block diagram showing the consti'uction 
of a third ent)odiment. This embodiment differs from 
that shown in Fig. 1 in the provision of a power sensing 
unit 8 and comparator 9. As mentioned above, the volt- ss 
age setting unit 6 outputs a voHage setting value Vs set 
so as to obtain the maximum power point power Pmax 
from the solar panel 1 based upon the signals repre- 



senting the sensed voltage and sensed current 

The power s nsing unit 8 measures the output 
power Po of tiie power conversion unit 2 and outputs a 
power signal indicative of the measured output power 
Po to the comparator 9. The comparator 9 compares the 
power Po indicated by this power signal with a predeterr 
mined value Pd and outputs a comparison signal to the 
controller 7. 

Fig. 7 is a flowchart illustrating the procedure of 
power control performed by the conta-oller 7 according to 
the third emtxxliment of the invention. 

At step 841 . the controller 7 sets the voltage setting 
value Vs to a voltage setting value Vs' that is for the pur- 
pose of adjusting the duty ratio of tiie gate pulses 
applied to the switching devices of the power conversion 
unit 2. The relationship between the output power Po of 
the power conversion unit 2 and the predetermined 
value Pd is decided t>ased upon the aforementioned 
comparison signal at step 842. If the comparison signal 
Indicates tiiat Po ^ Pd holds, then the flow is proceeded 
to step 844. where Vs and Vs' are compared. If Vs' s Vs 
is found to hold at step 844. then the equality Vs* = Vs 
is established at step 846. This is followed by step 847. 
at which the duty ratio of the gate pulses applied to the 
switching devices of the power conversion unit 2 is 
adjusted in such a manner that the output voltage of the 
solar panel 1 attains the voltage setting value, after 
which the flow returns to step 842. In otiier words, In 
tills case the usual MPPT control operation is carried 
out. 

If the comparison signal indicates that Po > Pd 
holds, then a voltage correction value Va is added to the 
voltage setting value Vs' at step 843 and then the duty 
ratio is adjusted at step 847 in such a manner tiiat tiie 
output voltage of the solar panel 1 becomes larger than 
the voltage setting value. The flow is then returned to 
step 842. If the comparison signal still indicates that Po 
> Pd holds, Va is added to the present Vs' again and 
power suppression control for adjusting the duty ratio at 
step 847 is repeated. 

If the comparison signal is found to indicate Po ^ Pd 
at step 842 after Vs* has been set to be larger than Vs. 
then Va is sutstracted from Vs' at step 845 and the duty 
ratio is adjusted at step 847. The flow Is then returned 
to step 842. In a case where the comparison signal still 
indicates tiiat Po ^ Pd holds, Va is subti-acted from the 
present Vs' again at step 845 and the processing for 
adjusting tiie duty ratio at step 847 is repeated. If tiie 
decision rendered at step 844 is that Vs' ^ Vs holds, 
then Vs' = Vs is established at step 846. In other 
words, the usual MPPT control operation is restored. 

Thus, in a case where the AC output power Po of 
the power conversion unit 2 is greater than the predeter- 
mined value Pd. tiie controller 7 conti'ols the switching 
operation of the power conversion unit 2 based upon the 
voltage setting value Vs' ofcstained by correcting the volt- 
age setting value Vs that enters from the voltage setting 
unit 6. As a result, the operating-point voltage of the 
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solar panel 1 rises and the output power Po of the power 
control apparatus is suppressed. This makes it possible 
to protect the conponents of the power control appara- 
tus, especially the components of the power conversion 
unit 2, from the heat produced by a excessive load. 5 

As desaibed above, each of the foregoing embodi- 
ments utilizes a characteristic wherein the output power 
of the solar panel declines when the output voltage of 
the solar panel surpasses the optimum operating volt- 
age that conresponds to the maximum power Pmax. In 10 
other words, at the time of ordinary operation. MPPT 
control is executed by controlling the duty ratio of the 
gate pulses, which are applied to the switching devices 
of the power conversion unit, so as to obtain the output 
voltage of the solar panel set based upon the character- 75 
istic of the solar panel. If it is predicted that the output 
power of the power control apparatus will become too 
targe in a case where, say, solar radiation intensifies to 
increase the power generated by the solar panel, the 
duty ratio of the gate pulses applied to the switching 20 
devices of the power conversion unit is controlled in 
such a manner that the output voltage of the solar panel 
will become the output voltage set based upon the out- 
put characteristic of the solar panel so as to lower the 
output power of the solar panel . This control of duty ratio ss 
controls the suppression of power. Of course, in a case 
where solar radiation weakens and the power gener- 
ated by the solar panel declines, control to suppress 
power is terminated and MPPT control is restored. 

In accordance with the foregoing embodiments, the 30 
following advantages are obtained: 

(1) The output power of the power control appara- 
tus can be prevented from becoming too large and 
the components constituting the power control 3s 
apparatus can be protected against heat. 

(2) In accordance with the first and second emtxxl- 
iments. control to suppress power can be achieved 
through a simple arrangement without adding on or 
rTKxJifying hardware. 40 

(3) Control to suppress power can be applied to any 
solar system what so ever merely by setting various 
parameters such as the above-mentioned voltage 
setting value and power limit value in conformity 
with the characteristic of the solar panel and the 45 
specifications of the power conversion unit. This 
makes it possible to realize power suppression con- 
trol, which has a high degree of universality, at low 
cost. 

so 

Thus the power control apparatus of the present 
invention is extremely useful and is highly effective 
when used in a solar power generation system tied to a 
commercial AC power system. 

As many apparently widely different embodimerns ss 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific emt)odi- 



ments thereof except as defined in the appended 

dainr^. 

In a power control apparatus of a solar power gen- 
eration system for converting power generated by a 
solar panel and supplying the converted power to a 
load, the output voltage and output current of the solar 
panel are sensed and, under ordinary conditions, MPPT 
control is performed so that the solar cells will operate at 
a maximum output point. If the output power of the soIeu* 
panel exceeds a predetermined power, a power conver- 
sion unit is controlled so as to raise the output voltage of 
the solar panel, thereby limiting the output power of the 
solar panel. As a result, excessive power is prevented 
from being output by the power control apparatus. 

Claims 

1 . A power control apparatus for supplying a load with 
power output k>y a solar cell, comprising: 

converting means for converting output power 
of the solar cell to power conforming to the 
load; 

sensing means for sensing output voltage and 

output current of the solar cell; 

setting means for setting operating voltage of 

the solar cell based upon the output voltage 

and output current sensed; and 

control means for controlling operation of S€ud 

converting means in such a manner that the 

output voltage of the solar cell becomes the set 

operating voltage; 

wherein said setting means raises the 
operating voltage by a predetermined amount 
of voltage in a case where the product of the 
output voltage and output current sensed is 
greater than a predetermined value. 

2. The apparatus according to claim 1, wherein said 
setting means sets the operation voltage so as to 
obtain maximum output power from the solar cell in 
a case where the product of the output voltage and 
output current sensed is equal to or less than the 
predetermined value. 

3. The appaiatus according to claim 1 . wherein said 
conti-ol means controls the output voltage of the 
solar cell by controlling 0^4/0FF duty of gate pulses 
applied to switching devices of said converting 
means. 

4. A power control metiiod for supplying a load with 
power output by a solcu' cell, comprising the steps 
of: 

sensing output voltage and output current of 
the solar cell; 

setting operating voltage of the solar cell based 
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upon the output voltage and output current 
sensed; and 

controlling operation of a conversion unit, 
which converts output power of the solar cell to 
power conforming to the load, in such a man- s 
net that the output voltage of the solar cell 
becomes the set operating voltage: 

wherein the step of setting the operating 
voltage raises the operating voltage by a pre- 
determined amount of voltage in a case where 10 
the product of the output voltage and output 
current sensed is greater than a predetermined 
value. 

5. A power control apparatus for supplying a load with 15 
power output by a solar cell, comprising: 

converting means for. converting output power 
of the solar cell to power conforming to the 
load: 20 
sensing means for sensing output voltage and 
output current of the solar cell: 
designating means for designating an operat- 
ing condition of the solar cell based upon the 
output voltage and output current sensed: and es 
control means for controlling operation of said 
converting means based upon a designation 
made by said designating means: 

wherein in a case where the product of 
the output voltage and output current sensed is 30 
equal to or less than a predetermined value, 
said designating means designates the operat- 
ing voltage of the solar cell and said control 
means controls operation of said converting 
means In such a manner that the output volt- 3S 
age of the solar cell attains the operating volt- 
age that has been designated: and 

in a case where the product of the out- 
put voltage and output current sensed exceeds 
the predetermined value, said designating 40 
means designates to raise the operating volt- 
age of the solar cell and Instructs said control 
means to suppress power. 

6. The apparatus according to claim 5, wherein said 45 
designating means designates the operating volt- 
age so as to obtain maximum output power from 
the solar cell In a case where the product of the out- 
put voltage and output current sensed is equal to or 
less than the predetermined value. so 

7. The apparatus according to claim 5, wherein said 
control means controls the output voltage of the 
solar cell by controlling ON/OFF duty of gate pulses 
applied to switching devices of said converting ss 
means. 

8. The apparatus according to claim 5. wherein in a 



case where the product of the output voltage arxl 
output current sensed becomes equal to or less 
than the predetermined value after suppression of 
power has been designated, said designating 
means designates instructs said control means to 
cancel suppression of power. 

9. A power control method for supplying a load with 
power output by a solar cell, comprising the steps 
of: 

sensing output voltage and output current of 

the solar cell: 

designating an operating condition of the solar 
cell based upon the output voltage and output 
current sensed: and 

controlling operation of a conversion unit, 
which converts output power of the solar cell to 
power conforming to the load, based upon a 
designation made: 

wherein in a case where the product of 
the output voltage and output current sensed is 
equal to or less than a predetermined value, 
said designating step designates the operating 
voltage of the solar cell and said control step 
controls operation of said conversion unit in 
such a manner that the output voltage of the 
solar cell attains the operating voltage that has 
been designated: and 

in a case where the product of the out- 
put voltage and output current sensed exceeds 
the predetermined value, said designating step 
designates to raise the operating voltage of the 
solar cell and designates suppression of 
power. 

10. A power control apparatus for supplying a load with 
power output by a solar cell, comprising: 

converting means for converting output power 
of the solar cell to power conforming to the 
load: 

first sensing means for sensing output power of 
said converting means: 

second sensing means for sensing output volt- 
age and output cun^ent of the solar cell; 
setting means for setting operating voltage of 
the solar cell based upon the sensed output 
voltage and output current of the solar cell: and 
control means for controlling the output voltage 
of the solar cell by controlling operation of said 
converting means based upon the set operat- 
ing voltage and sensed output power of said 
converting means. 

11. The apparatus according to claim 10. wherein said 
setting means sets the operating voltage, in such 
manner tiiat maximum output power is obtained 
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from the solar cell, based upon sensed output volt- 
age and output current of the solar cell. 

12. The apparatus according to claim 10. wherein in a 
case where the value of the sensed output power of s 
said converting means is greater than a predeter- 
nrtined value, said control means controls the oper- 
ation of said converting means based upon a 
control voltage obtained by raising the operating 
voltage by a predetermined amount of voltage. io 



13. The apparatus according to claim 12. wherein in a 
case where the value of the sensed output power of 
said converting means becomes equal to or less 
than the predetermined value after start of control is 
based upon the control voltage, said control means 
controls the operation of said converting means 
based upon a lowered control voltage. 

14. The apparatus according to daim 10, wherein said 20 
control means control the output voltage of the 
solar cell by controlling ON/OFF duty of gate pulses 
applied to switching devices of said converting 
meems. 

25 

15. A power control method for supplying a load with 
power output by a solar cell, comprising the steps 
of: 



sensing output power of a conversion unit 30 
which converts output power of the solar cell to 
power conforming to a load; 
sensing output voltage and output current of 
the solar cell; 

setting operating voltage of the solar cell teased 3s 
upon the sensed output voltage and output cur- 
rent of the solar cell; and 
controlling the output voltage of the solar cell 
by controlling operation of said conversion unit 
based upon the set operating voltage and 40 
sensed output power of said conversion unit. 



45 
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